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Fungal D iseases
The most p re v a le n t cause o f  la r v a l  m o r ta l i t y  a re  com ycetous/ 
phycomycetous fu n g i b e long ing  to  th e  genera Lagenid ium , S iro lp id iu m  
and H a lip h th o ro s . Lagenidium  c a l l in e c te s  Couch i s  th e  m ost pa thogen ic  
and v i r u le n t  o f  th e  th re e . In  1976, 35 o f  51 h a tc h e ry  p ro d u c tio n  runs 
were a f fe c te d  by  fu n g a l in fe c t io n s ,  22 o f  these were s e v e re ly  h i t  and 
th e re fo re  d isca rd e d . In  1978, due to  safeguards in s t i t u t e d  a g a in s t 
in fe c t io n ,  o n ly  9 o f  43 exp e rim e n ta l runs were a f fe c te d .  P ro d u c tio n  
increased  from  2 .6  M P5s in  1976 to  more than  8 M in  1978.
L. c a l l in e c te s , i t s  occurrence
S ince i t s  is o la t io n  from  d iseased crab  eggs (Couch, 1942) i t  has 
been re p o rte d  to  a f f e c t  (be t ra n s m itte d , harbo red by) a v a r ie t y  o f  m arine 
an im a ls  in c lu d in g  4 spec ies  o f  penae ids, 5 spec ies  o f  c rabs  and a species 
each o f  lo b s te r ,  b a rn a c le  and red  a lg a . These a re  Penaeus aztecus Yves 
(Cook, 1971); P. s e t i fe r u s  (L ig h tn e r  and F o n ta in e , 1973); dungeness crab 
Cancer m a g is te r Dana (R o g e rs -T a lb e rt, 1948; Arm strong e t  a l . ,  1976); 
b lu e  crab  C a ll in e c te s  sap idus Rathbun (Couch, 1942; Sandoz e t  a l . ,  1944; 
B land and Amerson, 1973); Am erican lo b s te r  Homarus am ericanus (N ils o n  
e t  a l . ,  1976); P. m erg u ie ns is  de Man (AQUACOP, 1975); P . monodon 
F a b r ic iu s  (SWUSVOP, 1977; B a tica d o s , e t  a l . ,  1978); b a rn a c le  C h e lo n ib ia  
p a tu la  Ranzani (Johnson and Bonner, 1960); o y s te r  crab P inno the res  ostreum  
(R o g e rs -T a lb e rt, 1948); mud c ra b  Neopanope texana (R o g e rs -T a lb e rt, 1948) 
and the  a lg a  Ectocarpus (F u lle r  e t  a l . ,  1964).
M orphology, Zoosporogenesis and P a thogenec ity
D esp ite  w ide v a r ia t io n s  in  s iz e s  o f  th e  v e g e ta t iv e  and re p ro d u c tiv e  
s tru c tu re s ,  the  fungus may be recogn ized  on th e  b a s is  o f  th e  c h a r a c te r is t ic  
hypha l system, th e  d isch a rg e  v e s ic le s  form ed, and th e  manner o f  s p o ru la t io n .  
Is o la te s  from  P. monodon zoea (B a ticados e t  a l . , 1978) produced (a) a 
m y c e lia l system w here in  th e  hyphae measured 2 .5 -6 .2 5  u w ide (b) d ischa rge  
v e s ic le s  ra n g in g  from  14.4 to  25 u in  d ia m e te r, the  l a t t e r  c o n ta in in g  
from  14 to  32 spores, 3 .75 to  6.25 u w ide and 5 -6 .25  u lo n g .
Larvae in fe c te d  c a l l in e c te s  in  P. monodon re p la c e s  th e  la r v a l  
t is s u e s  w ith  an expensive hyph a l system and produces e x tra m a tr ic a l germ 
tu b e s . These would deve lop  te rm in a l d isch a rg e  v e s ic le s  from  which zoo­
spores deve lop . The zoospores a re  re le a se d  in to  th e  w a te r a f t e r  th e  
v e s ic le  c o lla p s e s .
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The tim e  fa c to r  i s  s h o r t  and may end in  le s s  than  30 m inu tes . 
A d isch a rg e  v e s ic le  is  formed when th e  cytop lasm  o f  th e  hypha flo w s  
in fo  th e  e x tra m a tr ic a l tube . T h is  occurs in  5 to  10 m inu tes . Spore 
fo rm a tio n  then  proceeds fo r  10 to  20 m inutes a f te r  w hich the  spores 
a re  seen c o n tin u o u s ly  moving in s id e  th e  v e s ic le .  The spores then 
become a c t iv e  and a re  re lea sed  10 to  15 m inutes la t e r .
Approaches to  th e  c o n t ro l o f  the  pathogen
P h y s io lo g ic a l experim ents show th a t  the  P. monodon is o la te  has 
a w ide range o f  to le ra n c e  f o r  w a te r tem pera tu re , pH, and s a l in i t y  so 
th a t  i t s  l i f e  c y c le  may n o t e a s i ly  be d is ru p te d  by  these param eters. 
In  f a c t ,  g row th  and s p o ru la t io n  a re  known to  approach o r c o in c id e  w ith  
th e  optim a f o r  la r v a l  re a r in g .  U l t r a v io le t  i r r a d ia t io n  has been shown 
to  be in e f fe c t iv e  a g a in s t is o la te s .
Being phycomycetous, the  pathogen may e i th e r  be a i r - ,  w a te r-  o r  
s o i l-b o rn e .  One would th e re fo re  expec t th e  zoospores o r  th e  hyphal 
system to  g a in  e n try  v ia  (a) w a te r o r  (b) spawners, and, ju d g in g  from  
long  h is to r y  o f  in fe c t io n s  in  some o f  th e  tanks used, to  have been 
e s ta b lis h e d  deep ly  in  th e  ta n k  c re v ic e s .  I t  was th e re fo re  necessary 
on accoun t o f a to  have an e f f i c ie n t  w a te r f i l t r a t i o n  system and as a 
m a tte r o f  p ro to c o l to  s u b je c t the  tanks to  chem ica l tre a tm e n t w ith  a 
s u ita b le  d is in fe c ta n t  and to  d ry in g  b e fo re  and a f t e r  an e xpe rim e n ta l 
ru n .
The search f o r  a s u ita b le  chem otherapeutic
Tha t much e f f o r t  i s  spen t f o r  sc reen ing  f o r  a s u ita b le  chemo­
th e ra p e u tic  does n o t come as a s u rp r is e .  B land e t  a l . ,  (1976) d id  in  
v i t r o  t o x ic i t y  s tu d ie s  a g a in s t 2 L . c a l l in e c te s  is o la te s  from  P. s e t i ­
fe ru s  and C. sap idus u s in g  12 compounds. He id e n t i f ie d  two — m a la ch ite  
green and DS 9073 (E xperim en ta l b a c te r ic id e / fu n g ic id e ,  IC I  Am erica, In c .  — 
to  be p a r t ic u la r ly  e f fe c t iv e .  A t  th e  same tim e  Arm strong e t  a l . ,  (1976) 
came up w ith  two, namely, T r i f l u r a l i n  ( L ,L ,L - t r i f lu o r o - 2 ,  6 -d in i t r o -N ,  
N -d ip ro p y l- p - to lu id in e )  and Benomyl ( "B e n ia te " , m e th y l-1 -(b u ty lc a rb a m o y l) -  
2-benzim idazo lecarbarfia te) which were e f fe c t iv e  a g a in s t L. c a l l in e c te s  
from  C. m a g is te r . In  SEAFDEC, Po e t  a l . ,  (1978) screened 34 a n tim y c o tic  
compounds a g a in s t L . c a l l in e c te s  is o la te s  from  monodon and S c y lla  
s e r ra ta . Based on the  r e s u lts ,  s ix  loomed as p o te n t ia l  chem otherapeutants. 
These a re  c lo tr im a z o le ,  c r y s ta l  v io le t ,  econazole n i t r a t e  ( "P e v a ry l, "  
1 /2 - ( 2 ,4 -d ic h lo ro p h e n y ll- 2 (4 -c h lo ro b e n z y lo x y l) - e t h y l / - in id a z o le  n i t r a t e ) , 
m a la c h ite  g reen , t r i f l u r a l i n  and T re f la n  R (23.1% T r i f l u r a l i n ) .
Anim al t o x ic i t y  te s ts
The id e a l chem otherapeutic  in  a q u a c u ltu re  s itu a t io n s  is  one which 
shou ld  i n h ib i t  th e  grow th o f  the  fungus and causes no harm to  the  c ru s ­
tacean la rv a .  Whether o r  n o t a chem ica l i s  s u ita b le  may be borne o u t 
by  r e s u lts  o f  b ioassay expe rim en ts .
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R e su lts  o f experim ents by B land e t a l . ,  (1976) shows th a t m a la ch ite  
green a t  c o n c e n tra tio n s  o f 0 .006 -0 .012  ppm added fo r  24 h r had v e ry  l i t t l e  
e f fe c t  on la r v a l s u rv iv a l fo r  e ith e r  P. c a lifo rn ie n s is , P . s ty lir o s t r o  o r 
P. vannam ei. T o x ic  e ffe c ts  were in  fa c t  n o t e v id e n t u n t i l  a tre a tm e n t o f 
more than  0 .06  ppm was used. P. s t y l i r o s t r is  zoea were m ost s e n s itiv e . 
S im ila r b io -a s s a y s  by Po e t  a l . ,  (1978) on P. monodon re v e a l th a t t r e a t ­
ment le v e l o f  0 .006 may be a p p lie d  o n ly  in  m ysis s ta g e s . The o th e r 
compound B land e t a l . ,  (1976) found e f fe c t iv e ,  DS 9073, was n o t su b je c te d  
to  a b ioassay  b u t b e lie v e d  to  be p o te n t ia lly  s u ita b le  as i t  r a p id ly  in ­
c a p a c ita te  zoospores even a t  c o n c e n tra tio n s  lo w e r than  th e  to x ic  le v e l.
A rm strong e t a l . ,  (1976) cons ide red  t r i f l u r a l i n  to  h o ld  prom ise 
fo r  fu n g a l c o n tro l on th e  b a s is  o f  a low  e ffe c t iv e  c o n c e n tra tio n  o f 
0.0015 m g/L. F u rthe rm ore  i t  was to x ic  to  Cancer m a g is tra te  la rv a e  
a t  a c o n c e n tra tio n  100 tim es la rg e r  fo r  a s e le c t iv it y  r a t io  o f  117.1 
ove r 96 h r s .*  Benomyl had an SR o f 100 a f te r  48 h rs  and may be used 
over th a t  tim e  d u ra tio n  and n o t beyond.
O f th e  chem ica ls  screened by Po e t a l . ,  (1978) o n ly  m a la c h ite  
green and T re fla n  R were b ioassaye d . R e su lts  in d ic a te  th e  p o s s ib ilit y  
fo r  use o f m a la c h ite  green o n ly  in  m ys is . T re fla n  R (G acutan, 1978; 
un p u b lish e d  o b s e rv a tio n s ) c o n c e n tra tio n s  h ig h e r than  0 .1  mg/L were w e ll-  
to le ra te d  by M1 fo r  96 h rs .
Lessons from  o th e r h a tc h e rie s
C hem otherapeutics in  la r v a l re a r in g  shou ld  be used in  c o n ju n c tio n  
w ith  p h y s ic a l methods o f e x c lu d in g  th e  p ropagu le  o r  agen t o f in fe c t io n  
from  th e  w a te r such as f i l t r a t i o n  a n d /o r s te r i l iz a t io n  o f a l l  seaw ater 
used d u rin g  th e  re a r in g . B land e t a l . ,  (1978) b e lie v e d  th a t these 
methods e n ta il c o n s id e ra b le  expense. M oreover, F is c h e r e t  a l . ,  (1975) 
used a m a la c h ite  green d ip  in  com b in a tion  w ith  u l t r a v io le t  ir r a d ia t io n  
in  s u c c e s s fu lly  p re v e n tin g  Lagenid ium  in fe c t io n  in  Homarus am ericanus 
la rv a e . In  one o f th e  more s u c c e s s fu l P. monodon la r v a l re a r in g  f a c i l i t y  
in  th e  tro p ic s , T a h it i,  AQUACOP (1978) uses as a ro u tin e  p ro to c o l c h lo r i­
na ted  w a te r and a p re v e n tiv e  a n t ib io t ic  a t  2 ppm and th e  a n tifu n g a l 
T re fla n  E C **a t 0 .01  ppm, th e  la t t e r  d ispensed from  a d ilu te  s o lu tio n  in  
a b o t t le  c o n tin u o u s ly  fo r  6 h o u rs . I t  is  c la im ed  th a t  th is  p rocedure  
assures an 80 p e rc e n t s u rv iv a l to  P4 from  N1 a t  28°C.
Arguments a g a in s t a d d it io n  o f a p h o p h y la c tic  chem ica l
The e xa c t o r even a p p ro p ria te  tim e  when in fe c t io n  s ta r ts  is  n o t 
commonly known. The e xpe rience  in  th is  la b o ra to ry  in d ic a te s  th a t h is to ­
p a th o lo g y  in  h o s ts  and s ig n s  o f th e  pathogen a re  a pp a ren t o n ly  when th e  
d isease  is  a lre a d y  w idespread . T h is  has a ls o  been observed in  T a h it i 
(AQUACOP, 1977). A rm strong e t a l . ,  (1976) observed th a t i t  was o fte n
*SR = EC50la rvae /C one  T ox ic  to  fungus .
* * E ffe c t iv e  component is  T r i f lu r a l in .
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too  la te  to  save th e  p o r t io n  o f  th e  la rv a e  due to  th e  e n d o b io tic  n a tu re  
o f  the  fungus. E ve ry th in g  thus p o in ts  to  a p re v e n tiv e  approach.
The T a h i t i  group (AQUACOP, 1977) observed th a t  fu n g a l spores 
a re  a t t ra c te d  to  dead eggs o r  dead la rv a e  where they  (spores) s e t t le ,  
germ inate  and reproduce ra p id ly .  I t  was observed e a r l ie r  (Bland and 
Amerson, 1973) th a t  zoospores swim r e a d i ly  toward C a ll in e c te s  sapidus 
eggs when p laced  in  a g la s s  s l id e .  The same mechanism is  b e lie v e d  to  
occur in  penae ids. In  a d d it io n ,  resea rche rs  p o s tu la te  a n a tu r a l ly -  
o c c u rr in g  source o f  zoospore l i k e  th e  g i l l s  o f  th e  spawner which re le a s e  
th e  zoospores p re c is e ly  f o r  a c o l l i s io n  between th e  two bod ies (B land, 
1978 as c ite d  by L ig h tn e r ,  1978 on a v i s i t  to  SEAFDEC) le a d in g  to  
in fe c t io n .
The SEAFDEC Experience
The above p o s tu la te s  o f  B land le d  us to  t r y  a d i f f e r e n t  approach 
to  Lagenid ium . In  numerous in s ta n ce s  ove r th e  p a s t 3 ye a rs , unhatched 
eggs were observed to  have been in fe c te d  when th e  la rv a e  have a lre a d y  
metamorphosed to  th e  n a u p lia r  (N6) and zoea l stages (Z1) . T h is  convinced 
us to  d is in f e c t  spawners w ith  v e ry  h ig h  c o n c e n tra tio n s  o f  T re f la n  R f o r  
an hour a f t e r  an equal d u ra t io n  o f  thorough w ashing. None o f  the  28 
expe rim e n ta l runs  conducted showed s ig n s  o f  e i th e r  Lagenidium  o r S i r o l ­
p id ium  in fe c t io n s  (Gacutan, 1978). Of th e  28, tw e lve  (12) runs were 
s u c c e s s fu lly  rea red  to  th e  5 th  day o f  th e  p o s t la rv a l stages (P5) f o r  a 
t o t a l  p ro d u c tio n  o f  more than  6.224 M P5 's .
F u tu re  researches on Lagenidium , recommendations
T re f la n  R i s  b e t te r  known as an h e rb ic id e .  More o f  t h is  k in d  o f  
chem ica l must be t r ie d .  A nother h e rb ic id e ,  2 ,4-D  (2 ,4 -d ic h lo ro -p h e n o x y - 
a c e t ic  a c id )  was sub jec ted  to  b io a ssa ys , and i t s  e f f e c t  on egg h a tc h in g  
and i t s  a b i l i t y  to  a r r e s t  e p iz o o t ic s  caused by  Lagenidium  was assessed. 
I t  was w e ll  to le ra te d  c o n s id e r in g  th a t  th e  LD50 a t  96 h rs  was 0 .6  mg/L 
f o r  M1 . These v a lu e s  compare fa v o ra b ly  to  t h a t  f o r  T re f la n ,  Furtherm ore 
i t  was shown to  be e q u a lly  e f fe c t iv e  in  a r re s t in g  e p iz o o t ic s  and m in im a lly  
a f fe c te d  th e  h a tc h in g  ra te  (Gacutan, unp ub lished  d a ta ) .
B a c te r ia l D iseases
L o c a lly ,  s tu d ie s  on t h is  group o f  pathogens had been re le g a te d  in  
p r i o r i t y  on accoun t o f  th e  search f o r  tem porary s o lu t io n s  to  fu n g a l 
d iseases . L a te ly  however two k in d s  o f  m ino r d iseases were recogn ized  
from  a few h a tc h e ry  runs o f  P. monodon.
N ecros is  o f  appendages
The e a r l ie s t  symptoms ("b row n ing " in  th e  e xo ske le to n , p leopods, 
p e re iopod s , o r  te ls o n /u ro p o d s  were n o tic e d  as e a r ly  as th e  Z1 . The 
brow ning spread p ro g re s s iv e ly  towards th e  base o f  th e  e x tre m it ie s  le a d in g
175
to  n e c ro s is  and f i n a l l y  to  e ro s io n  o f  th e  a ffe c te d  a reas . Deaths have 
been a t t r ib u te d  to  in v a s io n  by s e c o n d a ry /o p p o rtu n is tic  organism s a f te r  
co n s id e ra b le  c u t ic u la r  in ju r y  and breakdown, o r  to  th e  in a b i l i t y  o f  th e  
la rv a e  to  m o lt ,  as the  o ld  carapace is  s t i l l  a d re s s e d  to  th e  m uscu la tu re . 
The d isease  is  seldom le th a l  b u t  i t  cou ld  be s e r io u s  i f  i t  s ta r ts  e a r ly  
in  th e  la r v a l  s tages .
The e t io lo g y  o f  th e  d isease  in  P. monodon has n o t y e t  been worked 
o u t. However, s h e l l  d iseases  o f  t h is  n a tu re  as in  o th e r  penaeids were 
shown to  have been caused by th re e  genera o f  b a c te r ia  namely, the  
C h it in o c la s t ic ,  Beneckea, V ib r io  and Psuedomonas (Cook and L o fto n , 1973).
L o c a lly ,  th e  d isease  p la y s  a m inor r o le  in  h a tch e ry  m o r ta l i t ie s  
presum ably due to  th e  a b i l i t y  o f  th e  la rv a e  to  to le r a te  th e  le s io n s . 
In  T a h it i  (AQUACOP 1977) where th e  d isease i s  re p o r te d ly  ram pant, c o n tro l 
is  b roug h t about by the  a p p lic a t io n  o f  an a n t ib io t ic  m ix tu re  c o n s is t in g  
o f s t re p to m y c in -b ip e n ic i l l in  (2 ppm o f  the  a c t iv e  p ro d u c t (AP), 2 IU /m l) , 
e ry th rom yc in  phosphate (1 ppm AP), te t r a c y c l in e  c h lo rh y d ra te  (1 ppm AP), 
su lfam ethaz ine  (3 ppm AP), and fu ranace  (0 .1  ppm AP). A t p re se n t o n ly  
e ry th rom yc in  phosphate a t  1 ppm is  be ing  used f o r  p re v e n tio n  to  p rec lude  
p o s s ib le  to x ic  e f fe c ts  o f  the  o th e r  a n t ib io t ic s .  R ig h t a f t e r  a p p lic a t io n  
the  la rv a e  re a c t  to  th e  tre a tm e n t; t h e i r  fe e d in g  a c t i v i t i e s  a re  resumed. 
Recovery is  q u ic k , and no tra c e  o f  the  n e c ro s is  is  l e f t  a f t e r  metamorphosis.
F requent renew al o f  th e  re a r in g  w a te r, c h lo r in a t io n ,  o r  u l t r a v io le t  
tre a tm e n t o f th e  w a te r were in e f fe c t iv e  as c o n tro l measures. F ilam entous 
b a c te r ia ,  L e u c o th r ix  mucoz.
Th is i s  an ectocommensal bac te riu m  which a f fe c ts  penaeids p a r t ic u ­
l a r l y  those h e ld  in  crowded volumes o f w a te r r ic h  in  o rg a n ic  and in o rg a n ic  
su b s tra te s  such as phosphates and n i t r a te s  (F is h e r, 1976) and w ith  optimum 
tem pera ture . I t  has been shown to  be w idespread, e p ip h y t ic  in  many m arine 
an im a ls  (O v e rs tre e t, 1973; Johnson e t  a l . ,  1971; N ils o n  e t  a l . ,  1975; 
Steenbergen and S chap iro , 1976; F is c h e r and Nelson, 1977).
In  P. monodon, L. mucoz has so fa r  e x h ib ite d  a d i s t i n c t  s e a s o n a lity , 
a f fe c t in g  c u ltu re s  towards th e  months o f  O ctober to  December. I t s  p rim a ry  
e f fe c t  upon th e  h o s t l i e s  o b v io u s ly  on a s p h y x ia tio n  when a ttached  to  the  
g i l l s ,  o r  on im pa irm ent o f  the  m o lt in g  process as the  setae may be entang led 
by the  f ila m e n ts .  The an im a l can c a s t o f f  th e  in fe s ta t io n  by m o lt in g .
M o rp h o lo g ic a lly , the  f ila m e n ts  are  unbranched, a tta ched  s in g ly  to  
the  c u t ic le ,  have a b asa l d iam e te r o f  2 mu and c o n s is t  o f  septage cha ins 
o f  a lm ost square-shaped b a c te r ia  (Couch, 1978). The b ac te riu m  la cks  a 
d i f fe r e n t ia te d  h o ld fa s t ;  i t  does n o t p e n e tra te  th e  e p ic u t ic le  and is  
a p p a re n tly  secured by an e le c tro n  opaque m ucouslike  substance presum ably 
secre ted  by th e  ba c te riu m .
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The use o f  a n t ib io t ic s  to  p re ve n t and t r e a t  the  d isease is  a 
v e ry  pop u la r a l te r n a t iv e .  The T a h i t i  group (AQUACOP, 1977) ro u t in e ly  
uses an a n t ib io t ic  m ix tu re  to  c o n t ro l the  d isease . C u ltu re s  are 
tre a te d  every 3 days as p re v e n tiv e  measure and w ith  tw ic e  th e  dosage 
f o r  tre a tm e n t. Leu co th rix . in  ro c k  crab  eggs and la rv a e  responded to  
4 mg/L s tre p to m yc in  (Johnson e t  a l . ,  1971); those in  H. americanus 
to  10 mg/L neomycin (Steenbergen and S chap iro , 1976); those in  C. 
sapidus eggs to  1 mg/L s tre p to m yc in  and 1 mg/L p e n ic i l l i n  (F ish e r, 
1976); and C. sapidus la rv a e  to  100 mg/L each o f  s tre p to m yc in  and 
p e n ic i l l i n  (F ish e r and Nelson, 1977).
Sudden m o r ta l i t ie s ;  V ibrio /Aerom onas
Is o la t io n  s tu d ie s  from  moribund shrim ps in  th e  SEAFDEC la b o ra to ry  
p o in t  to  the  preva lence  o f  V ib r io - caused m o r ta l i t y .  T h is  genus and 
Aeromonas are  w id e ly  known to  cause many d iseases in  f is h e s .
The r o le  th a t  V ib r io  p la ys  in  shrim p h e a lth  is  n o t c le a r .  
Vanderzant e t  a l . ,  1970 fo r  example is o la te d  V. parahaem olyticus from  
w h ite  shrim p from  the  G u lf o f  M exico. The p a th o g e n ic ity  o f  the  organism  
on shrim p is  no t e s ta b lis h e d  a lth o u g h  i t  is  known to  cause human g a s tro ­
e n t e r i t is  in  Japan and, p o s s ib ly ,  in  the  U n ited  S ta te s  (K rantz  e t  a l . ,  
1969).
N a tu ra l w a te rs  e s p e c ia lly  those lo c a te d  in  in sho re  re g io n s  are  
v e r i ta b le  d e p o s ito r ie s  o f  b a c te r ia  o r  "g ram -nega tive  b a c te r ia l  soups" 
(Couch, 1978) and th e re fo re  V ib r io  and Aeromonas a re  expected to  abound. 
V ib r io  parahaem olyticus is o la te d  from  w a te r have v e ry  s h o r t g e n e ra tio n  
tim es (12-14 m in) a t  h ig h  tem pera tures (39°C ). I t  is  b e lie v e d  th a t  warm 
environm ents such as ponds m ig h t enhance the  p a th o g e n e c ity  o f  b a c te r ia  
to  shrim ps ( U l i t z u r ,  1974).
Diseases Caused by P rotozoans, A lgae
E xtens ive  d a i ly  m o n ito r in g  o f  a l l  h a tch e ry  runs o f  P. monodon 
la rv a e  was c a r r ie d  o u t f o r  3 ye a rs . The most common protozoans encountered 
a re  the  c i l i a t e s  Zoothamnium, V o r t ic e l la  and E s p is t y l is . A g re g a rin e , 
presum ably G re g a rin a , and a green a lg a , Licmophora a b b re v ia ta  Agardh a re  
th e  o th e r common pathogens. A s u c to r ia n , E phelo ta  gemmipara, a v e ry  
p o w e rfu l pathogen w rought havoc on c u ltu re s  from  March th rough June, 
1976 and has n o t occurred  th e re a f te r .
C i l ia te s  a re  observed to  fo u l up th e  e x te rn a l su rfaces  o f  P. monodon 
by egg membranes o r la r v a l  g i l l s  as was observed by Johnson (1974a) and 
N ils o n  e t  a l . ,  (1975) in  C. m a g is te r and H. am ericanus. They a re  much 
more h a rm fu l to  the  la r v a l  stages as they  can become en tang led  w ith  the  
setae and may p re ve n t e c d ys is . In  many in s ta n ce s  the  in fe s ta t io n  were 
c a s t o f f  by s u cce ss fu l m o lt,  b u t the  hos ts  were re in fe c te d ,  p roba b ly  by 
c o n ta c t w ith  an im a ls  o r exuv iae .
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These be ing  n o t r e a l l y  le th a l  in  lo c a l P. monodon h a tch e ry  
o p e ra tio n s , no c o n t ro l measures have so f a r  been adapted. However, 
Johnson (1976) screened and found q u in a c r in e  h y d ro c h lo r id e  (0 .6  mg/L) 
to  be m ost e f fe c t iv e  a g a in s t E p is t y l is  in  ju v e n ile  P. s e t i f e r u s . 
Three o th e r  c h e m ic a ls —  ch lo ram ine  T, q u in in e  b is u l f a te ,  and q u in in e  
s u lfa te  were a ls o  th e ra p e u tic .
More o f te n  than  n o t ,  th e  type  and e x te n t o f  m ic ro b ia l fo u lin g  
r e s u lts  from  p r io r  w a te r q u a l i t y  (h igh  n u t r ie n t  lo a d , h ig h  s i l t a t i o n ,  
t u r b id i t y ,  low  O2 te n s io n ) ra th e r  than  from  a c t i v i t y  o f  a s p e c i f ic  
m ic ro b ia l pathogen. F is h e r (1977) went to  th e  e x te n t o f  suggesting  
the  use o f  a c t iv a te d  ch a rco a l i f  o n ly  to  reduce th e  n u t r ie n t  lo a d  so 
as to  l i m i t  m ic ro b ia l g row th  and a v o id  heavy e p ib io t ic  fo u l in g .
R e c a p itu la t io n
There a re  a few aspects  th a t  need to  be d e a lt  w ith  e s p e c ia lly  
now th a t  th e re  is  a headway in  th e  c o n tro l o f  Lagenidium  c a l l in e c te s . 
F i r s t l y ,  n o th in g  much is  known o f  d iseases and causes o f  m o r ta l i t y  the  
moment th e  P5 's  a re  stocked in to  ponds. Secondly, th e  spawners should 
be viewed as a p o te n t ia l  source o f  in fe c t io n .  These two areas o f  
researches have to  be e xp lo re d  fu r th e r .
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